In Part I of this series of papers, an exact contact analysis of magneto-electro-elastic half-plane materials indented by a moving rigid punch is theoretically performed. The present paper, which is Part II of the series, presents a numerical analysis for the same moving contact problem based on the theoretical model developed in Part I. A BaTiO 3 -CoFe 2 O 4 composite is chosen for the numerical computation. The effects of the relative moving velocity on the eigenvalue distribution are detailed and suggest that the relative moving velocity values should be kept within the unite interval in a practical computation. Numerical results of the contact behaviors are presented. These results both justify the derivation of the closed-form solutions obtained in Part I and show the validity of the present program. The influences on the contact behaviors of the relative moving velocity, geometry loading, and magneto-electro properties of the indentation by a flat or cylindrical punch are detailed. The physics behind the differences in different surface contact conditions are revealed. The surface damage mechanism for magneto-electroelastic half-plane materials is discussed to optimize their design and service. The results present in this paper may provide a theoretical basis for magneto-electro-elastic materials characterizations.
Introduction
The indentation technique has been widely employed to measure the mechanical, electrical, and/or magnetic properties of advanced composites (Vlassak et al., 2003; Kalinin et al., 2007; Chen et al., 2009 ). This approach obviously depends on the solutions of the corresponding contact mechanics. Modern industrial and technological processes widely apply complex composed structures consisting of materials with different physical properties (for example, piezoelectric, piezomagnetic, and solid structures constructed by a composition of these materials, e.g., smart materials Harshe et al., 1993; Avellaneda and Harshe, 1994; Nan, 1994; Benveniste, 1995; Li, 2000; Pan and Heyliger, 2003; Zhao and Chen, 2010) . There is significant interest in the contact problem of magneto-electro-elastic materials to reveal the coupling effects between elastic, electric, and magnetic fields.
In Part 1 of this series of papers, an exact contact analysis is performed for magneto-electro-elastic half-plane materials indented by a moving, rigid flat or cylindrical punch. Different surface contact conditions are proposed, i.e., the punch may be electrically and magnetically conducting; electrically conducting and magnetically insulating; electrically insulating and magnetically conducting; and electrically and magnetically insulating. The eigenvalue distributions of the double-biquadrate order characteristic equation related to the magneto-electro-elastic governing equations are detailed. Based on real fundamental solutions, the complex boundary value problems are reduced to a system of singular integral equations, and the exact solutions to this system are presented. Closed-form expressions of various physical quantities in elastic, electric and magnetic fields are derived in terms of fundamental functions. The physics behind the complicated expressions obtained in Part I of this series need to be revealed to explain the differences in different boundary conditions. On the other hand, a computer method may provide a way to examine the correctness of the mathematical models presented in Part I.
Motivated by the reasons mentioned above, Part II performs a numerical analysis for the same moving contact problem that is theoretically established in Part I. A BaTiO 3 -CoFe 2 O 4 composite is chosen for the numerical computation. Numerical eigenvalue results are presented, and the effects of the relative moving velocity on the eigenvalue distribution related to the BaTiO 3 -CoFe 2 O 4 composite are analyzed. The contact behaviors under a flat or cylindrical punch with different surface contact conditions (e.g., electrically conducting and magnetically conducting, electrically conducting and magnetically insulating, electrically insulating and magnetically conducting, and electrically insulating and magnetically insulating) are plotted in the figures. The numerical results can both check the correctness of the closed-form solutions obtained in Part I and show the validity of the present program. The influences of the relative moving velocity, geometry loading, and magneto-electro-elastic loadings on the contact behaviors under the action of a flat or cylindrical punch are detailed. In addition to the moving velocity, the coupling among the elastic, electric, and magnetic fields are found to allow adjustment of the physical quantity magnitudes in magneto-electro-elastic half-plane materials indented by a moving punch. The present paper, in conjunction with Part I, may provide a theoretical basis for magneto-electroelastic material characterizations.
Material properties
A BaTiO 3 -CoFe 2 O 4 composite, which consists of piezoelectric phase BaTiO 3 and piezomagnetic phase CoFe 2 O 4 , is chosen for the numerical computation. The effective material constants of the BaTiO3-CoFe 2 O 4 composite are listed as follows (Zhong and Li, 2008) Table 1 shows the numerical values of eigenvalues for various relative moving velocities. It can be observed that, for the moving contact problem, the moving velocity affects the eigenvalue distribution. As the relative moving velocity c varies, the following cases arise in the eigenvalue distribution: (I) four pairs of opposite real roots, (II) three pairs of opposite real roots and a pair of purely imaginary roots, and (III) two pairs of opposite real roots and two pairs of purely imaginary roots. In case of c 6 1, i.e., the moving velocity of the punch does not exceed the shear wave velocity, four pairs of opposite real roots can be obtained. Because the field quantities should vanish at infinity for a semi-infinite magnetoelectro-elastic plane, the c values are kept as c 6 1 in the numerical computation. Fig. 1 shows the normalized surface contact stress r ZZ (X/a, 0)/ r
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(ap)) and surface magnetic induction B Z (X/a, 0)/m ⁄ (m ⁄ = M/(ap)) under a flat punch. Note that Fig. 1 can be plotted either from Eqs. (77), (88), (89), and (90) or from the second expression of Eqs. (85)- (87) given in Part I of this series of papers, which both justifies the derivation of closed-form solutions for the flat punch case with various surface contact conditions and shows the validity of the present program. Fig. 1 illustrates that serious contact stress, electric displacement, and/or magnetic induction concentrations exist near the flat punch edges ('and/or' is dependent on the magneto-electro properties of the punch), which may account for the surface damage under a flat punch. The relative moving velocity c has no effect on the surface contact stress, electric displacement, and magnetic induction. The surface contact stress is only dependent on the indentation force applied on the punch, surface electric displacement is only dependent on the electrical properties (electrically conducting or electrically insulating) of the punch, and surface magnetic induction is only dependent on the magnetic properties (magnetically conducting or magnetically insulating) of the punch as shown in Eqs. (77), (27), (31), (88), (89), and (90) given in Part I. Thus, other loadings other than the corresponding one mentioned above have no effects on the surface normal stress, electric displacement, and magnetic induction, which is quite different from those inside magneto-electro-elastic half-plane materials, as will be seen below.
The normalized normal stress distribution under a flat punch
Figs. 2 and 3, respectively, demonstrate the distributions of the normalized normal stress r ZZ (X/a, Z/a)/r ⁄ (r ⁄ = P/(ap)) in the direction parallel to the surface Z = 0 (Fig. 2) and perpendicular to the surface Z = 0 (Fig. 3) , respectively, with various relative 
moving velocity values under a flat punch with different magnetoelectro proprieties, including electrically conducting and magnetically conducting (Case APQM), electrically conducting and magnetically insulating (Case APQ), electrically insulating and magnetically conducting (Case APM), and electrically insulating and magnetically insulating (Case AP). Note that in all cases, an indentation force P is exerted on the punch. It is assumed that that the total indentation force P, the accumulated electric charge Q, and the accumulated magnetic induction M have the relationship |P| = 10 5 |Q| = 10 5 |M|.
-3 -2 -1 0 1 2 3 -1.8 As opposed to the surface contact stress r ZZ (X/a, 0)/r ⁄ , which is discontinuous near the edges, the normalized normal stress r ZZ (X/ a, Z/a)/r ⁄ is continuous everywhere inside magneto-electro-elastic half-plane materials and tends to vanish rapidly as the magnitude of either X/a or Z/a increases, which shows the necessity of the regularity conditions, namely, Eqs. (17) the punch. The normal stress distribution clearly depends on the magnitudes of the indentation force, the electric charge, and the magnetic induction applied to the punch. Under current loadings, the magnitude of the normalized normal stress satisfies the following relationship:
Case APQM > Case APQ > Case APM > Case AP Note that the normal stress magnitude in Case APQM is slightly greater than that in Case APQ.
Thus, the fully conducting punch has the largest influence because of the coupled effects among the three fields inside magneto-electro-elastic half-plane materials, while the fully insulating punch, i.e., mechanical punch, has the smallest influence on the normalized normal stress r ZZ (X/a, Z/a)/r ⁄ among the four cases. The normalized normal stress magnitude in Case APQM is three orders of magnitude larger than that in Case AP. Under current loadings, the electrical property of the punch contributes more to the normal stress than does the magnetic property of the punch. It may be concluded that the magneto-electro properties of the punch induce multiple coupling effects on the normal stress on different levels. Therefore, the coupling effect induced by the fully conducting punch is the strongest among them.
For the current moving contact problem, in addition to the magneto-electro properties of the punch, the moving velocity c also greatly affects the contact behaviors. Fig. 2 shows that the magnitude of the normalized normal stress r ZZ (X/a, Z/a)/r ⁄ has a peak value near the punch edges in the direction parallel to the surface. These locations could potentially cause a crack. The magnitude of the peak normalized normal stress r ZZ (X/a, Z/a)/r ⁄ value in the direction parallel to the surface increases as the relative moving velocity c increases. The result in Fig. 3 demonstrates that the magnitude of the normalized normal stress r ZZ (X/a, Z/a)/r ⁄ varies from its surface value to a peak value in the direction perpendicular to the surface and then decreases to a limiting value. When the moving velocity c increases, it is predicted that the magnitude of the peak normalized normal stress r ZZ (X/a, Z/a)/r ⁄ value perpendicular to the surface increases and the peak value point Z/a also increases. Thus, it is clear that, in addition to the magneto-electro properties of the punch and loadings applied to the punch, the relative moving velocity may be employed to adjust the normal stress inside magneto-electro-elastic half-plane materials to suppress the aforementioned tendency of cracking tendency. ⁄ inside magneto-electro-elastic half-plane materials is continuous everywhere and tends to diminish as either X/a or Z/a increases, which justifies the regularity conditions given in Eqs. (17)- (19) in Part I . In each case, the magnitude of the normalized electric displacement D Z (X/a, Z/a)/q ⁄ in the direction parallel to the surface has a peak value near the punch edges, while the location of the peak normalized electric displacement D Z (X/a, Z/a)/q ⁄ perpendicular to the surface is dependent on the magneto-electro properties of the punch. that under an electrically and magnetically conducting flat punch. This fact may indicate that the electrical property of the punch has a greater influence on the normalized electric displacement than does the magnetic property of the punch, which can be confirmed by comparing Fig. 4(b) and (c) and Fig. 5(b) and (c). As in the case of normalized normal stress r ZZ (X/a, Z/a)/r ⁄ , the fully conducting punch again has the largest influence, while the fully insulating punch has the smallest influence on the normalized electric displacement D Z (X/a, Z/a)/q ⁄ among the four cases. The electric displacement magnitude also shows the following relationship:
The normalized electric displacement distribution under a flat punch
Case APQM > Case APQ > Case APM > Case AP Note that the electric displacement magnitude in Case APQM is slightly greater than that in Case APQ. (d) show that increasing the relative moving velocity c results in a greater peak magnitude of the normalized electric displacement, while the relative moving velocity c has no significant effects on the normalized electric displacement D Z (X/a, Z/a)/q ⁄ when an electric charge is applied to the flat punch, as shown in Fig. 4 (a) and (b) and Fig. 5 (a) and (b).The electric charge applied to the flat punch may mitigate the influence of the relative moving velocity on the electric displacement; however, this possibility needs to be confirmed through experimentation.
The normalized magnetic induction distribution under a flat punch
Figs. 6 and 7 show the normalized magnetic induction distribu-
in the direction parallel to the surface and perpendicular to the surface, respectively, with the relative moving velocity c varying under a flat punch with different magneto-electro properties; it is assumed that |P| = 10 5 |Q| = 10 5 |M|. The continuity discussions for the normalized magnetic induction B Z (X/a, Z/a)/m ⁄ inside magneto-electro-elastic half-plane materials and the justification of the regularity conditions are similar to those for the normal stress and the electric displacement, and hence are omitted here. Attention will be focused on two other interesting issues.
First, the magnitude of the normalized magnetic induction satisfies the following relationship:
Case APQM > Case APM > Case APQ > Case AP What differs in this expression from the similar expressions for the normal stress and electric displacement is that, as expected, the magnetic property of the punch has a greater influence on the normalized magnetic induction than does the electrical property of the punch. Among the four cases, the fully conducing punch still has the largest influence, while the fully insulating punch has the smallest influence on the normalized magnetic induction magnitude. Thus, from the related discussions of the normal stress, electric displacement, and magnetic induction, it may be concluded that the magnitude of any physical quantity at a point inside magneto-electro-elastic half-plane materials under a flat punch can be controlled by the magneto-electro properties of the punch and the punch loadings because of the coupling among the three fields. It appears that the fully conducting punch has the largest influence, while the fully insulating punch has the smallest influence on physical quantities inside magneto-electro-elastic half-plane materials. Whether the electrical property or the magnetic property of the punch has a greater influence on the magnitude of the physical quantity than the other does is dependent on the mechanical, electrical, or magnetic properties of the corresponding physical quantity and the joint loadings applied to the punch.
Second, as shown in this phenomenon. In the other three cases, the peak of the normalized magnetic induction magnitude may amplify with an increasing of the relative moving velocity.
The normalized surface in-plane stress distribution under a flat punch
The surface in-plane stress plays a key role in the surface damage. Fig. 8 examines the surface in-plane stress r XX (X/a, 0)/r ⁄ (r ⁄ = P/(ap)) under different surface contact conditions. A common feature obtained from Fig. 8(a)-(d) is that the normalized surface in-plane stress r XX (X/a, 0)/r ⁄ is unbounded, and there is a serious stress concentration around the edges of the flat punch, which may account for the surface damage under a flat punch.
The magneto-electro properties of the punch and the relative moving velocity c greatly influence the surface in-plane stress distribution, which is different from the surface contact stress, the surface electric displacement, and the surface magnetic induction. As shown in Fig. 8(d) when the punch is a fully insulating punch, the normalized surface in-plane stress is compressive and the magnitude of the surface in-plane stress decreases with accelerating relative moving velocity c. While the punch is fully or partially conducting, the normalized surface in-plane stress becomes tensile and increases as the punch moves faster. The unbound tensile inplane stress around the flat punch edges may facilitate the beginning of a crack. As in the normal stress case, the normalized in-plane stress magnitude satisfies the following relationship:
Case APQM > Case APQ > Case APM > Case AP Note that the normalized in-plane stress magnitude in Case APQM is slightly greater than that in Case APQ. |M|. It can be observed that the shear stress is zero when Z/a = 0 and is not in the largest state on the surface. As observed in Fig. 9 , when an electric charge is applied to the flat punch, there is a peak tensile or compressive shear stress depending on the relative moving velocity c. Under a magnetically conducting and electrically insulating flat punch, a peak compressive shear stress occurs. A peak tensile shear stress occurs under an electrically insulating and magnetically insulating flat punch. When an electric charge is not applied on the flat punch, the peak shear stress magnitude increases as the relative moving velocity increases.
Contact behaviors under a cylindrical punch
In this section, figures are plotted to reveal the effects of the relative moving velocity c, the cylindrical punch radius R, and magneto-electro-elastic punch loadings on the contact region, the surface contact stress, the surface electric displacement, the surface magnetic induction, the surface in-plane stress, and the shear stress under the action of a cylindrical punch with different magneto-electro properties. The physics behind the differences in different surface contact conditions are also presented.
The contact region under a cylindrical punch
The contact region between the cylindrical punch and magnetoelectro-elastic half-plane materials is unknown a priori, which is different from the constant contact region for a flat punch case, and can be determined by Eqs. (107), (121), (132), or (135) in Part I of this series of papers, depending on the magneto-electro properties of the cylindrical punch. Figs. 10 and 11 show the effects of the relative moving velocity c and the radius R, respectively, on the contact region with a varying total indentation force P. A common feature observed in Figs. 10 and 11 is that the magneto-electro properties of the cylindrical punch do not significantly influence the contact region width. The contact region is mainly determined by the total indentation force P, the relative moving velocity c, and the radius R. It can be observed that an increasing of the indentation force P results in a larger contact region. The faster the punch moves, the larger the contact region will be (Fig. 10) . With the radius R becoming larger, the contact region becomes wider (Fig. 11) . These conclusions will be further confirmed in the discussions below. electrically conducting and magnetically conducting cylindrical punch, (b) an electrically conducting and magnetically insulating cylindrical punch, (c) a magnetically conducting and electrically insulating cylindrical punch, and (d) an electrically insulating and magnetically insulating cylindrical punch (here and hereafter 'and/or' is dependent on the magneto-electro properties of the punch).
The surface contact stress distribution under a cylindrical punch
The influences of the relative moving velocity c, the cylindrical punch radius R, and the indentation force P on the surface contact stress r ZZ (X, 0) under a cylindrical punch with different magnetoelectro properties are demonstrated in Figs. 12-14 , respectively.
It is shown that at the edges of the cylindrical punch, the surface contact stress r ZZ (X, 0) is zero. As discussed in Section 4, the surface contact stress at the edges of the flat punch is singular. Thus, the punch profile plays an important role in the contact problem.
In each figure, the corresponding surface contact stress curves keep nearly the same shapes. Thus, the magneto-electro properties of the cylindrical punch have no significant effects on the surface contact stress r ZZ (X, 0). The relative moving velocity c, the cylindrical punch radius R, and the indentation force P are the main factors in controlling the surface contact stress r ZZ (X, 0). Fig. 12 shows that the peak magnitude of the surface contact stress r ZZ (X, 0) can be relieved as the punch moves faster. Fig. 13 shows that the peak magnitude of the surface contact stress r ZZ (X, 0) will greatly decrease as the magneto-electro-elastic half-plane materials are loaded by a larger radius cylindrical punch. Fig. 14 shows that an increase in the indentation force P leads to a greater peak magnitude of the surface contact stress r ZZ (X, 0). The peak magnitude of the surface contact stress r ZZ (X, 0) always occurs at the punch center. In addition, Figs. 12-14 reconfirm the conclusions from Subsection 5.1 regarding the influence of the relative moving velocity c, the cylindrical punch radius R, and the indentation force P on the contact region under the cylindrical punch. 
The surface electric displacement distribution under a cylindrical punch
Figs. 15-18 show the influences of the relative moving velocity c, the cylindrical punch radius R, the indentation force P, and the accumulated electric charge Q on the surface electric displacement D Z (X, 0) under an electrically conducting and magnetically conducting cylindrical punch or an electrically conducting and magnetically insulating cylindrical punch. Note that under a magnetically conducting and electrically insulating cylindrical punch or an electrically insulating and magnetically insulating cylindrical punch, the surface electric displacement D Z (X, 0) is zero.
It can be observed that the surface electric displacement is almost the same in both cases because the punch is electrically conducting. It seems that the electrical property of the cylindrical punch has a decisive role in determining the surface electric displacement compared with the magnetic property of the cylindrical punch. An important issue shown in Figs. 15-18 is that the surface electric displacement D Z (X, 0) has a singularity at the edges of the cylindrical punch while the surface contact stress stays smooth. Thus, an electric displacement concentration exists around the cylindrical punch edges. The electric displacement concentration can be reduced by increasing the relative moving velocity c (Fig. 15) , increasing the cylindrical punch radius R (Fig. 16) , or increasing the indentation force P (Fig. 17) . Unlike the surface contact stress case, the accumulated electric charge Q greatly affects the surface electric displacement distribution. In fact, the singularity at the edges of a cylindrical punch results from the additional electric charge Q À Q P . Certainly, a decrease in the accumulated electric charge Q leads to a weaker surface electric displacement concentration around the edges of the cylindrical punch as observed in Fig. 18 . To enable the magneto-electro-elastic devices to work well and for a long time, surface damage should be avoided during the production and service process. Fig. 19 indicates that by choosing certain combinations of electro-elastic loadings, the singularity can be suppressed (note that the accumulated magnetic induction M has no influences on the surface electric displacement D Z (X, 0) and that only combinations of electro-elastic loadings are needed). With increasing the indentation force P, the value of the accumulated electric charge Q applied to the cylindrical punch to suppress the singularity increases. Moreover, for the same indentation force P, the accumulated electric charge Q applied to an electrically conducting and magnetically conducting cylindrical punch is somewhat larger than that applied to an electrically conducting and magnetically insulating cylindrical punch. Fig. 19 shows that the surface electric displacement D Z (X, 0) is zero at the edges under the action of certain electroelastic loading combinations. The peak magnitude of the surface electric displacement D Z (X, 0) increases as electro-elastic loadings increase.
Note that Figs. 15-19(a) can be plotted either from Eq. (105) or from the second equation of Eq. (110) and can be plotted either from Eq. (120) or from the corresponding equation reduced from Eq. (110) given in Part I of this series of papers, which again both justifies the deduction of the closed-form solutions for the cylindrical punch case and shows the validity of the present program. From these equations, it can also be found that the accumulated magnetic induction M has no effect on the surface electric displacement D Z (X, 0).
The surface magnetic induction distribution under a cylindrical punch
Figs. 20-23 illustrate the influences of the relative moving velocity c, the cylindrical punch radius R, the indentation force P, edges, the following methods can be used: (i) increasing the relative moving velocity c (Fig. 20) , (ii) increasing the cylindrical punch radius R (Fig. 21) , (iii) increasing the indentation force P (Fig. 22) , or (iv) decreasing the accumulated magnetic induction M (Fig. 23) . To completely suppress the surface magnetic induction singularity at the edges of the cylindrical punch, certain combinations of the magneto-elastic loadings are needed (note that the accumulated electric charge Q has no effect on the surface magnetic induction B Z (X, 0)). 
The surface in-plane stress distribution under a cylindrical punch
The variations of the surface in-plane stress r XX (X, 0) with different values of the cylindrical punch radius R under a cylindrical punch with different magneto-electro properties are examined in Fig. 25 . Fig. 25(a)-(c) shows that the surface in-plane stress r XX (-X, 0) is unbounded at the edges when the cylindrical punch is fully or partially conducting, which accounts for the surface damage under a cylindrical punch. A larger cylindrical punch radius R attenuates the surface in-plane stress concentration around the punch edges. The additional electric charge Q À Q P or the additional magnetic induction M À M P , or both, induces the surface in-plane stress singularity at the cylindrical punch edges. It seems that the electrical property of the cylindrical punch contributes more to the surface in-plane stress than does the magnetic property of the cylindrical punch. When under the action of a fully insulating punch, i.e., a mechanical punch, the surface in-plane stress r XX (X, 0) has no singularities and is equal to zero at the edges.
Discussions regarding the influences of the relative moving velocity c and the indentation force P on the surface in-plane stress are similar to those for the radius R and hence are omitted here. Attention is paid to the accumulated electric charge Q and the accumulated magnetic induction M.
As mentioned above, both the accumulated electric charge Q and the accumulated magnetic induction M have no influence on the surface contact stress; the accumulated magnetic induction M has no influence on the surface electric displacement; and the accumulated electric charge Q has no influence on the surface magnetic induction, while both the accumulated electric charge Q and the accumulated magnetic induction M affect the surface in-plane stress distribution. Fig. 26 shows that, as expected, the in-plane stress concentration can be reduced by applying a lower electric charge Q to the electrically conducting punch. Fig. 27 indicates that an escalated accumulated magnetic induction M applied to the magnetically conducting punch may lead to an increase of the surface in-plane stress. The increase of the surface in-plane stress is not significant under an electrically conducting and magnetically conducting cylindrical punch as observed in Fig. 27(a) , which again proves that the electrical property of the cylindrical punch contributes more to the surface in-plane stress than does the magnetic property of the cylindrical punch.
Furthermore, Fig. 28 demonstrates that the surface in-plane stress concentration around the cylindrical punch edges can be suppressed by choosing certain combinations of magneto-electro-elastic loadings. It can be observed that the surface in-plane stress r XX (X, 0) is zero at the cylindrical punch edges under certain combinations of the magneto-electro-elastic loadings. The peak magnitude of the surface in-plane stress r XX (X, 0) increases as the loadings increase.
5.6. The shear stress distribution under a cylindrical punch Fig. 29 shows the distribution of the shear stress r XZ (X, Z) inside magneto-electro-elastic half-plane materials in the direction perpendicular to the surface Z = 0 with various values of the relative moving velocity c under a cylindrical punch with different magneto-electro properties.
It can be found that the shear stress is not in the largest state on the surface because it is zero when Z = 0. Inside magneto-electro-elastic half-plane materials, the shear stress can be either compressive or tensile when the punch is fully or partially conducting, while it is tensile when the punch is only a mechanical punch. For the tensile shear stress, an increasing of the moving velocity makes the peak value larger. The shear stress vanishes rapidly as the magnitude of Z increases, which demonstrates the necessity of the regularity conditions Eqs. (17)- (19) given in Part I. For the shear stress, the electrical property of the punch has a greater influence than does the magnetic property of the punch and the following relationship exists in terms of the magnitudes:
Case APQM > Case APQ > Case APM > Case AP Note that the shear stress magnitude in Case APQM is slightly greater than that in Case APQ.
For various stresses inside magneto-electro-elastic half-plane materials, this expression seemingly always exists.
Conclusions
Based on the closed-form solutions given in Part I, the numerical analysis for the same contact problem of magneto-electro-elastic half-plane materials indented by a moving punch is performed in the present paper, i.e., Part II of this series of papers. A BaTiO 3 -CoFe 2 O 4 composite is chosen for the numerical computation. For the present moving contact problem, the moving velocity affects the eigenvalue distribution. In the numerical computation, the relative moving velocity values are kept within the interval (0, 1). The influences of the relative moving velocity, the geometry loading, and magneto-electro properties of the punch with a flat or cylindrical profile on the contact behaviors are detailed. The present paper shows that the coupling among the elastic, electric, and magnetic fields, and the moving velocity allow adjustment of the magnitudes of physical quantities in magneto-electro-elastic half-plane materials. Magneto-electro properties of the punch and the moving velocity may have different contributions to the same physical quantities on the surface or inside magneto-electro-elastic halfplane materials.
More detailed observations are made as follows:
(i) Under a flat punch, serious contact stress, electric displacement, and/or magnetic induction concentrations occur near the punch edges depending on the magneto-electro properties of the flat punch. (ii) Under a flat punch, the magnitude of the normalized normal stress, electric displacement, and magnetic induction inside magneto-electro-elastic half-plane materials are greatly affected by magneto-electro properties of the flat punch because of the coupling among three fields. (iii) There is a serious concentration of the surface in-plane stress around the edges of the flat punch. (iv) The magneto-electro properties of the cylindrical punch have no significant influence on the contact region between the cylindrical punch and magneto-electro-elastic half-plane materials. The contact region of a cylindrical punch is mainly determined by the total indentation force P, the relative moving velocity c, and the radius R. (v) When the cylindrical punch is fully or partially conducting, there are serious electric displacement, magnetic induction, and in-plane stress concentrations near the punch edges because of the additional electric charge or the additional magnetic induction, or both; these concentrations can be suppressed by certain combinations of magneto-electroelastic loadings.
Based on a complete coupling theory, Part I and II of this series of papers may provide a theoretical basis for characterizing magneto-electro-elastic materials.
